We study the information and communication technologies (ICT) adoption choices of Italian manufacturing firms, investigating the factors, both at the firm and at the environmental level, that speed up or slow down the adoption. We use a survey of 1500 manufacturing firms interviewed in 2001 to monitor ICT investments in Italy. Indicators of the local industrial structure are derived from the National Institute for Social Security database, which covers the whole population of Italian firms. We relate ICT adoption to two sets of variables. First, we consider firm-specific variables, such as size, human capital, the composition of the workforce and organizational indicators that the literature on technology adoption cites as potential factors in determining the optimal rate of investment in ICT. Second, given the network aspect of many ICT, particularly internet-based applications, we investigate whether the local industrial structure affects adoption patterns even after controlling for individual characteristics. Our results indicate that the most important determinants are size, the human capital of the workforce and the presence of large firms in the local environment. ICT adoption also tends to be associated with changes in a firm's organizational structure.
Introduction
The positive performance of the US economy in the 1990s sparked interest in the issues of technological change. There is a widespread consensus that US firms took full advantage of a series of innovations in micro-electronics and information technologies. The large-scale adoption of these new technologies and the related organizational changes were claimed to have generated a 'new economy', or at least new production methods and products. Even aside from these enthusiastic descriptions, it can be said that the US economy developed and experienced a new general-purpose technology (GPT), i.e. a drastic innovation that is pervasively used in a wide range of industries and that changes modes of production and operation (Bresnahan and Trajtenberg, 1995) . Information and communication technologies (ICT) , which are at the core of this GPT, can alter product design, marketing, production, finance and the very organization of firms. ICT also facilitate the creation of new products incorporating chips, computers and software. Improving storage, transmission and reproduction of information, these technologies can be used in almost any activity. Like other GPTs, ICT show 'innovational complementarities': the productivity of R&D in a downstream sector increases as a consequence of innovation in the GPT itself. These complementarities multiply the effects of innovation in the GPT and help to spread them throughout the economy.
According to the theoretical literature, once available, the GPT still needs special 'templates' specific to each sector and in some cases to each firm. Some resources, some workers in the companies have to be allocated to designing suitable intermediate inputs in which the GPT is embodied. This requires a first stage in which labor and business resources are withdrawn from production and reassigned to R&D. This stage may explain the fall in productivity that usually characterizes the early years of technological revolutions (Aghion and Howitt, 1992) . This phase lasts until suitable, sector-specific inputs have been devised. But before new inputs are created, companies need to discover a 'template' on which research can be based. Therefore this early stage can be quite long. When suitable input has been invented, the second stage of adoption starts: the new input is adopted and all manufacturers of final products use it together with the new GPT. The costs of 'template' development for a new GPT for a specific industry decline as the number of industries that have undertaken the process increases (Bresnahan and Trajtenberg, 1995) . Learning is facilitated by the experience of other firms.
For a country like Italy, with its relatively small high-tech sector producing radical innovations, the economy-wide benefits of the new GPT depend on the adoption process. In terms of policy, therefore, it is crucial to understand what elements may increase the chances of adoption of ICT at the firm and sectoral level and in the economy at large.
The vast theoretical literature on technology adoption and diffusion has identified a number of factors to explain differences in adoption rates by firm, sector and country. But the firm-level empirical evidence regarding European countries is quite limited. 1 Caroli and Van Reenen (2001) explore a panel of British and French establishments and provide empirical evidence on organizational change induced by digital technology, and its complementarity with skill upgrading. Bertschek and Fryges (2002) study the adoption of a particular form of ICT (business-to-business electronic commerce) among German firms, obtaining results that support some of the hypotheses suggested by the literature. This paper examines ICT adoption among Italian manufacturing firms, and investigates the factors that might drive the introduction of new technologies. The analysis is based on a survey of ICT investment conducted in 2001 by Banca d'Italia on a sample of about 1500 manufacturing firms (INVIND) . We construct a number of indicators of ICT adoption that capture a range of different aspects: hardware stock, ICT expenditure, specific use of network technologies both internal and external to 1 For Italy, see also Ferri et al. (2001) and Lucchetti and Sterlacchini (2004) . Cabral and Leiblein (2001) provide evidence for the semiconductor industry. the firm, and time of adoption. We relate these measures to two sets of variables. First, we consider characteristics, such as firm size, human capital and the composition of the workforce that the literature posits as possibly playing a role in determining the optimal scale of investment in ICT. Second, given the network aspect of ICT, we evaluate the impact of the local industrial structure on individual adoption patterns, using a data-set of the National Institute for Social Security (INPS) that covers the whole population of Italian firms.
We find that firm size and the human capital of the workforce are positively related to ICT adoption. In addition, firms that have recently undergone an internal reorganization and have adopted some form of wage flexibility, measured by the presence of a company-level bargaining agreement alongside the industry-wide contract, seem to be more likely to use ICT. Similarly, the presence of large firms in a local industrial system has a positive effect on the rate of diffusion of the new technologies. Our results, therefore, are in line with the body of literature that claims that ICT adoption is most effective when accompanied by new organizational modes and more pronounced incentive schemes (Bresnahan et al., 2002; Brynjolfsson and Hitt, 2003) . Of course, this should not be interpreted literally in a causal sense, but rather as indicating that ICT adoption is one component of a complex process of reorganization of production made possible by the new technology.
The paper is structured as follows: Section 2 reviews theoretical and empirical works on ICT adoption; Section 3 describes the data used for this research; results are presented in Section 4. Section 5 concludes.
ICT adoption: theoretical and empirical background
As stated in the Introduction, in this paper we focus on the adoption of a new technology by firms. We therefore concentrate on process innovation. The large literature on technology adoption has documented that, for a variety of reasons, a superior new technology requires time before reaching its maximum diffusion, even in the absence of impediments related to patenting.
2 Moreover, inferior technologies might survive along with the superior one even in steady-state conditions. In this section we present a brief overview of the main factors that might explain differences in adoption rates across firms, concentrating our attention on those included in the subsequent empirical analysis. We draw from the insights provided by the literature on technology adoption in general, emphasizing, at the same time, a specific aspect of ICT, namely, its effects in facilitating the processing and transmission of information.
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Among other reasons, the delay in the diffusion process has been related to the uncertainty about the characteristics of the new technology (Jensen, 1982; Schivardi and Schneider, 2004) ; to strategic considerations (Reinganum, 1981) ; to learning by doing (Jovanovic and MacDonald, 1994) ; to the vintage aspect of human capital (Chari and Hopenhayn, 1991) .
Firms' characteristics
Sectoral specialization may be important in explaining the degree of adoption. Helpman and Trajtenberg (1998) show that the adoption of a GPT is quicker the larger the increase in productivity with respect to the currently used technology. Given their characteristics, ICT have a stronger productivity impact in information-intensive industries relative to traditional low-tech sectors. Another central aspect in the literature on technological change is, since the work of Schumpeter (1934) , firm size. Traditionally, the literature suggests that the adoption of a new technology is more likely the larger the firm size, given the high risks and costs of early adoption (Geroski, 2000) . The relationship between adoption and size, however, appears to be less clear-cut in the case of ICT. These technologies, given their specificity, can change both the firm internal organization and the external relations between the firm and the market (and among firms). As concerns internal organization, empirical studies on US firms (Brynjolfsson et al., 1994; Black and Lynch, 2000; Bresnahan et al., 2002; ) and European ones (Bugamelli and Pagano, 2001; Caroli and Van Reenen, 2001) show that productivity gains are much stronger for those firms that adopt ICT and change their internal organization, by reducing the number of hierarchical levels, moving towards more horizontal structures and making more intensive use of team work and worker participation. This would suggest that the scope for organizational improvements is stronger for complex (i.e. larger) organizations. On the basis of this evidence, one would expect a higher adoption rate for large firms that have also undertaken internal reorganization processes in the recent past.
Turning to external relations, ICT and in particular network technologies-such as business to business (B2B) and business to consumer (B2C)-imply a reduction in transaction costs both between firms and with customers, giving small firms a relatively higher chance to access markets and possibly increasing their incentives to adoption. Finally, both internal and external reorganization require the codification and standardization of companies' practices (Dosi, 1997; Trento and Warglien, 2001 ). These two processes are needed to translate each activity, within the firm and between the firm and suppliers, consumers, etc., into data and information that can be processed by a computer. Large firms have in general an advantage in the adoption of these organizational integration technologies thanks to the already high level of codification and standardization of procedures and information. Small firms may instead rely on informal exchange of tacit knowledge, rather than standardized procedures. On the whole, we expect adoption rates to be positively correlated with firm size.
At the firm level, switching from an obsolete GPT to a new one cannot be represented just as a fixed cost but rather as implying various types of costs, proportional to the kind and number of inputs needed to exploit the new GPT: the adoption costs. Jovanovic (1995) maintains that new technologies are laws of physics that are relevant to a particular way of producing something. These laws are described in 'blueprints'. A blueprint is an incomplete description of what it is useful to know about the given technology. So new investment in human capital is a key factor to learn how to use the blueprint, the new inputs and the new procedures themselves. As workers who will be using the new procedures and new inputs need appropriate training, costs of adoption will be a function of the number and type of workers to be retrained. The central role of human capital to profitably use these new inputs and the GPT in general is stressed also by Parente (1994) , Black and Lynch (2000) and Parente and Prescott (1994) . ICT implies a strong retraining of workers, so it is plausible that firms which are already endowed with a higher human capital, measured in terms of workers' education and experience, are more likely to be early adopters. Clearly, since the human capital of the workforce is itself an indicator of a firm's technological level, its correlation with ICT might also signal a higher 'steady-state' demand for ICT.
Workforce flexibility
ICT are often conducive to firm reorganizations that might require an upgrade of the skill level of the workforce (Black and Lynch, 2000) . Hence, one would expect the rate of adoption to be related to a number of aspects of the firm, including employment and wage-setting structure. For example, organizational changes of the workplace related to ICT adoption might be more difficult to implement if workers do not participate to the economic benefits that derive from such a process. In this light, a wagesetting scheme that relates employee compensation to firm performance might increase the likelihood of adoption. As for the employment structure, some specific characteristics of the firm's workforce, such as the age composition of employment and labor turnover, might, in addition to human capital, favor ICT adoption.
Local industrial structure and network externalities
The diffusion pattern of new technologies can be influenced by the local industrial structure because of interactions among firms. Given that new technologies are characterized by a certain degree of uncertainty about their profitability, observing the adoption decisions of other firms might be an important source of information. Jensen (1982) formalizes this argument to obtain a logistic diffusion path of new technologies. In this case, firm density improves the knowledge pool and speeds up adoption (Baptista, 2000) . Moreover, the empirical literature on information spillovers (Jaffe et al., 1993; Guiso and Schivardi, 2000) has shown that such spillovers tend to die out very quickly as distance between firms increases, pointing to the importance of carrying out the analysis on narrow geographical areas. Another complementary effect is that of local competition, that, as argued for example in Porter (1990) , enhances the incentives to innovate and adopt new technologies. Even in this case, a denser firm population might induce faster adoption.
The second important effect of local industrial structure comes from the network aspects of ICT, particularly those that affect communication among firms (internet, B2B protocols, etc.) . Network externalities imply that the adoption decisions are strategic complements, in the sense that it is more convenient to adopt the more other firms are adopting the same technology. In this environment, coordination failures might arise (Cooper and John, 1988) , slowing down the adoption rate. Coordination failures are more likely the larger the number of 'players', suggesting that the number of firms is inversely related to the speed of adoption, against the previous effects.
Finally, the presence of 'big players', which internalize network externalities, in the local economic environment might act as a coordination device and induce a faster adoption rate.
3 For example, a large firm might adopt B2B technologies, inducing its suppliers of intermediate inputs to adopt a compatible technology too, thus reducing the extent of coordination failures.
Data description
Since 1972 Banca d'Italia has been conducting an annual survey on investment decisions of manufacturing firms. The data we use for our empirical analysis refer to the survey on year 2000 and are based on a representative sample of 1475 firms. The sample is stratified by sector, dimensional class and geographical area and includes only firms with more than 50 employees. About one-third of the sampled firms are located in the north-west, the remaining two-thirds being roughly equally divided between the north-east, the center and the south of Italy (Table 1) . As for the industrial activity, more than one-third of the 1475 firms belong to the metal products/machinery sector.
Although the survey is mainly addressed to actual and planned investment decisions, it also collects information of other issues, such as, among others, employment, sales, export sales, production capacity. In a special section of the questionnaire on 2000, firms were asked a number of questions aimed at assessing their position with respect to the adoption and the intensity of use of ICT. In particular, firms were asked about their adoption of hardware (personal computers, central and departmental servers), their adoption of network technologies [intranet, internet, organizational software such as electronic data interchange (EDI), enterprise resource planning (ERP) and material requirement planning (MRP)] and their use of the network for business activities (B2B, B2C, customer services, recruitment and e-banking).
We constructed a series of indicators of ICT adoption based on the information contained in this section. Partly following the structure of the questionnaire, we conceptually divided such indicators into three classes: (i) hardware and expenditure in ICT; (ii) network technologies mainly related to (internal) organizational issues; and (iii) network technologies explicitly related to the use of the internet.
For the first class, we considered the number of personal computers (PCs) per employee and the firm's annual expenditure per employee in activities related to ICT acquisition, maintenance, training and consulting. Table 1 reports summary statistics and  Table 2 the definition of these variables. For the whole sample, the mean number of PCs per employee is 0.35, with a standard deviation of around 0.3. The value is higher for firms located in the north-west (0.41) and lower for those in the south (0.29). In large firms (with more than 500 employees), the mean numbers of PCs per employee is significantly higher Firms were asked whether their computers were connected through an internal network (intranet) and whether they had adopted three different types of organizational software, namely MRP, ERP and EDI. We constructed a synthetic indicator of the degree of adoption of such technologies, which is the sum of 0-1 variables. The indicator takes values from 0 (if none of the mentioned technologies is present in the firm) to 4 (if the firm has adopted all of them). According to the results of the survey, in 2000 only 2.6% of the answering firms were not endowed with any of such technologies and 12.8% made use of all of them (see Table 3 ).
Regarding network technologies related to the use of the internet, we considered three different measures. As for the first, the questionnaire, in order to account for different intensity of the internet use, distinguished between five classes of users, based on the frequency of updating of the company website. Table 3 shows the distribution of the sample according to this indicator. In 2000, around 73% of the answering firms updated their website rarely, 10% did it monthly, 3% twice a month, 5% weekly and around 8% daily. The survey also focused explicitly on the firm's use of the network for business activities. Firms were asked whether they used the Internet for: (i) selling products to other companies (B2B); (ii) distributing products to consumers (B2C); (iii) ordering intermediate inputs; (iv) customer services; (v) recruitment; and (vi) electronic banking. We constructed a synthetic measure based on such information, adding up the answers (0-1) to these six questions and obtaining a variable which takes values from 0 (if in 2000 the firm conducted none of these activities through the Internet) to 6 (is the firm performed all of them). Table 3 points out that 20% of the answering firms did not use the internet for any of these purposes, while 40% used it at least for one of them, 21% for two, 12% for three. Only less than 1% conducted all the mentioned activities through the internet. Finally, the last indicator we considered for our empirical work is the adoption time, that is the number of years elapsed since the firm's connection to the internet. Figure 1 shows the (cumulated) distribution of the firms in our sample according to this variable.
Results

Firm's characteristics and ICT adoption
As a first step in our empirical analysis, we searched for the firm-specific characteristics that drive ICT adoption. Referring to the aspects underlined by the theoretical and empirical literature on the subject, briefly overviewed in Section 2, we constructed a number of indicators at the firm level and we investigated their empirical relevance in the process of technological adoption. As argued in Section 2, firm size is likely to affect ICT adoption. We measured size in terms of the firm's annual turnover. In order to capture the relationship between the availability of qualified and skilled personnel and the introduction of ICT, we constructed two different indicators. The first is the proportion of white-collar workers in the firm's total workforce; the second is the workers' average years of education. This latter variable ranges from 8 (if all workers have at most completed mandatory education) to 18 (if all workers have attained a university degree). As for the link between changes in the firm's internal organization and ICT adoption, we considered the impact of the degree of business process re-engineering undertaken by the firm and of the intensity in the use of team work within the firm. International competitive pressures, which may enhance the adoption and intensity of use of new technologiesespecially those that imply a marked reduction of transaction costs-are captured by the share of annual turnover due to export activity. Finally, in order to control for sector-specific and region-specific factors, we included in all our regressions industry and area dummy variables. Table 4 presents estimation results for each of the measures of ICT adoption, which are the outcome of a thorough specification search and of a series of robustness checks. The table is organized as follows. For each continuous indicator (PCs per employee, ICT expenditure per employee, adoption time) two columns show, respectively, OLS estimates with robust standard errors and robust regression estimates, following the methodology suggested by Huber (1964) . 4 For each discrete indicator (organizational software, website updating, use of network technologies), Table 4 presents ordered probit estimates with robust standard errors. As expected, the adoption rate of PCs seems to be related mainly to the number of employees working at a desk (proportion of white-collar workers) and to the level of human capital. This evidence supports the idea that PCs are a mature technology, independent of firm size and essentially driven by demand factors. If a more sophisticated econometric method is implemented, providing parameter estimates which are robust to large outliers, then also the intensity of business reorganization within the firm seems to affect PC adoption rate.
Turning to the firm's expenditure in ICT, we find that, when correcting for the presence of outliers, size matters in addition to the share of white-collar workers, human capital and internal organizational changes. Results also point to significant geographical effects, implying that, controlling for all the other factors, ICT expenditure per capita is higher in the northern and central regions than in the south.
Moving to network technologies, the evidence concerning the adoption of intranet, EDI, ERP and MRP points to a significant role of all the factors included in our 4 For a description of the methodology, see also Hamilton (1991) . analysis: size, skill intensity of the labor force, the extent of internal organizational changes and international competitive pressures increase the probability that a firm adopts such technologies. Geographical location and sector of activity also matter: firms located in the northern regions and involved in the production of machinery and other manufacturing goods (see Table 1 ) are more likely to adopt organizational software.
For the indicators directly related to the internet-the intensity in the use of the web, the internet synthetic variable and the adoption time-we find positive and significant correlation to the level of human capital and to organizational aspects. The intensity of use of the web, measured by the frequency of updating of the firm's website, does not depend on firm size and on the proportion of white-collar workers, but is related mainly to the level of human capital and shows differences across industries and, less strongly, across areas. Firm size has instead a positive and significant effect on the probability of a firm engaging in internet-related activities, such as B2B, B2C, etc. All Internet related indicators are positively linked to the intensity of the firm's internal re-organization.
Summarizing our first set of results, we find that, as expected, firm size matters, in particular for the adoption and the intensity of use of internet-related technologies and organizational software. Human capital and the extent of business reorganization within the firm have generally a strong and positive effect on all indicators.
ICT adoption and labor flexibility
A recent strand of literature has convincingly argued that the adoption of ICT brings about increases in productivity when coupled with firm reorganization. 5 We could therefore expect that firms that adopt ICT more intensely have a more 'flexible' employment structure. Moreover, it could also be that additional characteristics of the workforce, in addition to human capital, might favor ICT adoption. To capture such effects, we have constructed a series of proxies of labor composition and employment flexibility at the firm level. First, we have considered the share of employees younger than 35. Young workers might be more able and or willing to adapt to the changes induced by the new technologies. To measure employment rigidity, we have computed both the share of employees on a fixed-term contract and an indicator of labor turnover, defined as new hiring plus terminations over average employment. Finally, we have also considered an indicator of wage flexibility using a question of the 1999 version of the survey, where firms where asked if they had signed a company-wide complementary contract. A complementary contract allows for more flexibility in relating employee compensation to firm performance, and therefore might make changes that improve productivity (such as workplace reorganization following ICT adoption) easier to implement. Our indicator is a dummy variable taking the value of 1 for those firms that had signed a complementary contract. Summary statistics of these indicators are given in Table 5 .
Results from the regression analysis, reported in Table 6 , are clear-cut. The coefficient of the share of young employees is generally not significantly different from zero, even if there is some mild evidence that it might influence the rate of use of network technologies. The two indicators of employment flexibility are never statistically different from zero, suggesting that neither the measure of ex-ante flexibility (the share of fixed-term contracts) not that of ex-post (actual employment turnover) is correlated with the rate of adoption of ICT. Instead, the dummy for the complementary contract is positive and significant for ICT expenditure, organizational software and for the use of network technologies. This result lends support to the idea that a higher degree of wage flexibility and workers' involvement in the firm's fortune might be conducive to adoption. Of course, caution should be used in interpreting this correlation in a causal sense: for example, it might also be that firms with a more dynamic management are those more ready to exploit the opportunities offered by a complementary contract and to reap the benefits coming from the adoption of ICT.
Is there a geographical pattern in ICT adoption?
In this section we investigate the effects of the local industrial structure on the adoption patterns. To this aim, we localize each firm within a narrow geographical area and construct indicators of the local economic structure at the sectoral-local level. The sectoral subdivision is the same as the one reported in Table 1 . The geographical unit is defined by the local labor system (LLS). LLSs are sets of municipalities characterized by a certain degree of internal commuting that allows for the definition of a self-contained labor market (see Sforzi, 1997 , for construction of LLSs and an overall analysis of their characteristics). They cover the whole national territory, divided in 784 LLS, with a size roughly comparable to that of a US county. They constitute an ideal environment within which to study local externalities and spillovers because the self-contained character of the labor market defines a natural geographical boundary for the effects of the interactions among economic agents.
To construct indicators of the local industrial structure, we use the INPS archives that contain yearly information on all Italian firms with at least one employee. For each firm we know the address (municipality and postcode) and the sector of activity (specified by a three-digit code), which together allow us to place each firm in the corresponding LLS sector. 6 We then aggregate this firm-level information to obtain precise indicators of the local industrial structure. In particular, to capture the effects of information spillovers and network externalities we use the total number of firms in the LLS sector, while for the role of large firms acting as catalyst of adoption we compute measures of the share of employment of large firms. We use data for 1998, the latest available year, i.e. two years before the date of the survey; however, given that that the industrial structure evolves at low frequencies, this should not be a major drawback.
7 Table 5 reports summary statistics for the matched INVIND-INPS sample. There are 353 LLSs in our sample, a little less that half of the total (784). The mean number of firms surveyed in INVIND for each LLS is 4.2, with a maximum of 87 for Milan. When we consider the intersection of the LLS and the sector, the mean number reduces to 2, with a maximum of 38 for 'machinery' in Milan again. In terms of indicators of local structure (i.e. indicators from the INPS dataset on the population of firms), the total number of firms in each LLS is approximately equal to 600, but with a high dispersion, because the sample is also representative of small LLSs. The number of firms by LLS sector, which proxies the density of activity, ranges from 1 to almost 8000. To measure the presence of 'large players' we use the share of employment of firms at or above the 98th percentile of the employment distribution: the largest this number, the most prominent the role of large firms. The indicator has a good degree of variability, with a mean of 0.4, a minimum of 0.1 and a maximum of 1.
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As discussed in Section 2, the number of firms might have two contrasting effects on adoption patterns. On one side, having more firms in the local market might speed up adoption, because it both fosters the circulation of information among them 6 See Cingano and Schivardi (2004) for a detailed description of the INPS dataset. The use of the lagged variable might even be better from a theoretical point of view, if one believes that, given the lags that typically characterize the investment process, the effect of the local industrial structure might become visible with a certain delay.
The 98th percentile is an arbitrary choice. In the absence of more stringent theoretical indications, we have experimented with other measures, such as the share of the largest firm or that of the firms at or above the 95th percentile. Our results are extremely robust to such modifications. (Guiso and Schivardi, 2000) and increases the competitive pressures, inducing a faster diffusion of new technologies (Porter, 1990) . On the other, the network aspects of such technologies might exacerbate coordination problems, thus slowing down adoption. We expect this second type of effect to be stronger for internet-related technologies that are mainly useful for communication and information exchange across firms. The presence of 'dominant player' (large firms) might work as a coordination device for a more rapid transition to the new technologies, thus alleviating the network obstacles to adoption. We therefore expect this indicator to influence positively the adoption of internet-related technologies.
Results of the regression analysis are reported in Table 7 , which is organized like the previous ones. We only comment on the two variables used as indicators of local industrial structure. In terms of PCs per employee, the local industrial structure has no effect on adoption rates: none of the two variables has any impact. This result is in line with what we found previously, and confirms that PCs should be considered as a mature, low-cost technology, whose adoption rate is determined entirely by demand factors (in particular, number of employees working at a desk). In terms of overall ICT expenditure per capita, we find that the number of firms has a positive impact on it, indicating that in this case the information spillovers/competition effect are stronger that the network externalities component. The share of large firms instead has no significant impact.
Things get more interesting as we move to network technologies. The organization technologies, which have both internal and external network aspects, and whose diffusion pattern is not as mature as that of PCs, are positively influenced by both indicators: firms located in areas with a denser firm population and with a stronger presence of large firms are more likely to make use of such technologies. This indicates that, as for overall ICT expenditure, information spillovers/competition effects are stronger than negative network externalities: a dense productive structure seems to foster the diffusion of ICT technologies. The effect of large firms is statistically very significant, indicating that, in accordance with theoretical predictions, they might be actually working as coordination devices for the transition to the new technologies.
If we move to the indicators specific to the internet, we find that the number of firms does not seem to play a role any more, possibly because, for such technologies, the network externality aspects might be stronger, so that the two opposite forces tend to cancel each other. The share of large firms instead remains an important determinant of the intensity of the use of the web (measured by the frequency of updating of the website) and of the adoption time, indicating that the presence of a 'dominant player' induces early adoption of the internet technologies, as theory predicts. When we consider the use of the internet synthetic variable, instead, we find no impact.
Another way to test the role of local industrial structure is to consider industrial districts. One interesting characteristic of the Italian economy is the presence of LLSs with a high concentration of small and medium-sized firms specialized in the production of a particular good, such as ties, chairs, shoes and leather goods, textiles, corks, (Sforzi-Istat, 1997; see Signorini, 2000 , for a comprehensive analysis of the Italian industrial districts). According to Trento and Warglien (2001) , district environment might be less conducive to adoption, because, for the same reasons explained before, a dense population of small firms might face severe coordination problems. To test this hypothesis, we have run a specification with the basic variables and a dummy for industrial districts. Results of this specification, not reported for brevity, do not point to any significant difference between district and non-district firms in terms of adjustment: the district dummy is never significantly different from zero. Summing up, we find that the number of firms has a positive impact on general indicators of ICT adoption, while its effect vanishes for more internet-related indicators, for which the network externalities are more important. Symmetrically, the presence of large firms, a possible device to overcome negative network externalities effects on adoption, has generally a strong and positive impact on internet-related indicators, suggesting that large firms might contribute to speed up adoption in the whole population of firms. These indicators seem to better capture the specificity of the local environment with respect to the distinction between district and non-district firms classified according to the Sforzi-Istat algorithm.
Conclusions
We have investigated the adoption process of ICT in the Italian manufacturing sector, using the annual survey on investment decisions of manufacturing firms conducted by Banca d'Italia. The data refer to the survey for year 2000 and are based on a representative sample of about 1500 firms with more than 50 employees.
The empirical results show that firm size and human capital are important variables related to ICT adoption. Also, we find that firms that have recently undergone an internal reorganization and have adopted some form of wage flexibility are more likely to use ICT. Finally, the presence of large firms in a local industrial system has a positive effect on the rate of diffusion of new technologies.
Our results have important policy implications. First, the structure of the Italian manufacturing system, specializing in mature, medium and low-tech products and with a prevalence of small firms, would appear to represent an obstacle to the diffusion of ICT. Second, to speed up diffusion and maximize returns it will be important to increase the flexibility of workplace organization and incentive schemes. This points to the importance of firm-level bargaining between employers and employees as opposed to higher tiers of the collective bargaining scheme (industry-wide or national). Third, local conditions can affect the speed of diffusion: in particular, among the industrial districts, those organized around a number of large firms might be faster in adopting ICT. Finally, enhancing the human capital of the workforce will have a positive impact on the diffusion of ICT.
